The 3′-terminal nucleotide sequence (n = 16) of bacteriophage MS2 RNA  by Jou, W.Min et al.
Volume 9. number 4 FEBS LETTERS August 1970 
THE 3’-TERMINAL NUCLEOTIDE SEQUENCE (n = 16) OF BACTERIOPHAGE MS2 RNA 
W.MIN JOU, R.CONTRERAS and W.FIERS 
Laboratory of Molecular Biology, University of Ghent, Belgium 
Received 22 June 1970 
1. Intoduction 
The 3’-terminal nucleotide sequence of viral RNA 
is of particular interest. Indeed, as replication proceeds 
in an antiparallel direction, it is likely that the former 
region contains the recognition signal required for 
specific interaction with the viral RNA polymerase. 
Alternatively, or in addition, one may hope to find a 
termination signal for protein synthesis for the cistron 
nearest the 3’end of the molecule, in casu RNA poly- 
merase [ 1,2]. 
De Wachter and Fiers [3] have previously reported 
that MS2 RNA ends in (G) U-U-A-C-C-A-C-C- 
C-A, and the same sequence was confirmed for the 
bacteriophage f2 RNA [4,5] and R17 RNA [5], which 
are serologically closely related to MS2 RNA. Bac- 
teriophage QP RNA has a very different 3’-terminal 
sequence (5,6]. All four sequences, however, share in 
common the . ..C-C-C-A3’oB end and the absence of 
a termination codon. 
By applying partial instead of complete degrada- 
tion with ribonuclease T 1, followed by separation of 
the products by electrophoresis on polyacrylamide gel, 
longer oligonucleotides can be obtained for sequence 
analysis [7]. In this paper we described the analysis 
of such a fragment derived from the 3’-end. Its sequence 
is: 
(G) G-C-U-A-G-U-U-A-C-C-A-C-C-C-A 
The possible significance of the amber codon UAG 
is discussed. 
2. Methods 
32P-Labelled MS2 RNA was prepared essentially as 
222 
previously described [8] . The RNA was partially 
degraded with ribonuclease Tl and the hydrolysate 
separated on a 12% polyacrylamide gel slab at neutral 
pH [9] The method used in similar to the one des- 
cribed for the isolation of R17 RNA fragments [ 10, 
111. After visualisation of the gel pattern by radio- 
autography, bands were cut out and the RNA was 
extracted as described in reference [9]. The mixture 
of partial products from such bands was further 
separated into individual components by high-voltage 
electrophoresis at pH 3.5 in one dimension followed 
by “homochromatography” on thin-layer plates in 
the second dimension [ 121 . The methods for sequence 
analysis were essentially as described by Sanger and 
coworkers [lo, 13, 141. 
3. Results and discussion 
When the mixture of partial products from band 
D6 of the polyacrylamide gel (D is the region of the 
12% gel between the eosine and bromophenol blue 
dyes [9], D6 is the band near the bromophenol blue 
marker) is fractionated further, a pattern as shown in 
fig. 1 was obtained. A ribonuclease T 1 map of com- 
ponent no 1 of this “horn0chromatogram” gave only 
three products (table 1), one of which was shown to 
be identical with the known 3’-terminal sequence of 
MS2 RNA [3] . The RNAase Tl and pancreatic ribo- 
nuclease products (table 1) from this fragment were 
sufficient to construct a unique sequence, located at 
the 3’-end of MS2 RNA: 
(G) G-C-U-A-G-U-U-A-f.-C-A-C-C-C-A. 
It is of interest that this sequence contains an 
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Fig. 1. A two dimensional separation of RNA fragments from 
gel band D6. Separation in the fist dimension was by electro- 
phoresis on cellulose acetate at pH 3.5 (in 7 M urea) until the 
distance between the blue and the pink marker was about 20 
cm. The material in this region (containing most of the radio 
activity) was transferred on to a thin-layer plate, which con- 
sisted of a mixture of DEAEcellulose and cellulose in a ratio 
of 1:7.5. The plate was run in a 5 percent solution of RNA 
which had been dialysed against 7 M urea for 2 hr at 4O (homo- 
mixture b [ 121). 
amber (UAG) codon, although it is very doubtful that 
the latter is involved in polypeptide chain termination. 
Indeed, it is now generally believed that the chain 
termination signal is more complex than a single triplet 
Direct evidence comes from the work of Nichols [ 1 l] , 
who reported that the R17 coat protein cistron ends 
by a succession of two nonsense codons. Moreover, 
Weissmann and collaborators [ 151 found an untrans- 
lated stretch of over 60 nucleotides at the S-end of 
Qp RNA, and by analogy, a similar situation may hold 
for the 3’-terminus of viral RNAs. 
The same sequence as here reported was found by 
J.Adams and S.Corey in R17 RNA (personal com- 
munication). 
Acknowledgement 
The work was supported by a grant from the Fonds 
voor Kollektief Fundamenteel Onderzoek and a fellow- 
ship (to W.M.) from the Nationaal Fonds voor Weten- 
schappelijk Onderzoek. 
References 
[l] P.G.N.Jeppesen, J.A.Steitz, R.F.Gesteland and P.F.Spahr, 
Nature 226 (1970) 230. 
[2] R.N.H.Konings, R.Ward, B.Francke and P.H.Hofschnei- 
der, Nature 226 (1970) 604. 
[3] R.De Wachter and W.Fiers, J. Mol. Biol. 30 (1967) 507. 
[4] H.L.Weith and P.T.Gilham, J. Am. Chem. Sot. 89 
(1967) 5473. 
[S] J.E.Dahlberg, Nature 220 (1968) 548. 
[6] H.L.Weith and P.T.Gilham, Science 166 (1969) 1004. 
[7] W.Min Jou, J.Hindley and W.Fiers, Arch. Intern. Physiol. 
Biochim. 76 (1968) 194. 
[8] W.Fiers, L.Lepoutre and L.Vandendriessche, J. Mol. 
Biol. 13 (1965) 432. 
[9] R.De Wachter and W.Fiers, in: Methods in Enzymology, 
Vol. 13 Part C, in press, 
[lo] J.M.Adams, P.G.N.Jeppesen, FSanger and B.G.Barrell, 
Nature 223 (1969) 1009. 
[Ill J.L.Nichols, Nature 225 (1970) 147. 
[ 121 G.G.Brownlee and FSanger, European J. Biochem. 11 
(1969) 395. 
[ 131 FSanger, G.G.Brownlee and B.G.BarreU, J. Mol. Biol. 
13 (1965) 337. 
[ 141 G.G.Brownlee and F.Sanger, J. Mol. Biol. 23 (1967) 337. 
224 
